Abstract
Introduction

30
In 2006 the Food and Agricultural Organization of the United Nations (FAO) estimated the global 31 water withdrawals to be 3,830 km 3 ·yr -1 , of which 70% was used for agriculture. 1 Additionally, water
With an increasing awareness of the value and importance of wetlands, fostered by the Ramsar well as assessing the prevalent impacts is important for the preservation of the remaining wetlands.
52
Life Cycle Assessment (LCA) is a method for evaluating the total environmental impact throughout 53 the life cycle of a product or process. 9 The ISO 14044 standard defines Life Cycle Impact Assessment
54
(LCIA) as the phase of LCA aimed at understanding and evaluating the magnitude and significance of 55 the potential environmental impacts of a product system with the purpose of interpreting the life cycle 56 emissions and resource consumption inventory in terms of indicators for the three Areas of Protection
57
(resources, human health, ecosystem quality). 10 Several methods have been developed for assessing 58 damages from water use on ecosystems, such as the decrease of terrestrial biodiversity due to 59 freshwater consumption, 11 the disappearance of terrestrial plant species due to a change in extraction 60 of groundwater, 12 and the effects on freshwater fish species from water consumption in rivers. 13 We 61 understand water consumption in this case study as general water consumption in the wetland
62
(evapotranspiration, product integration, and discharge into the sea or into areas outside the wetland).
63
Recently, a case study dealing with the effects of changes in water temperature and salinity on 64 freshwater molluscs in the river Rhine has been published. 14 For wetlands in particular, a case study in has been published. 15 However, so far no LCIA methodology has taken into account salinity impacts in 67 coastal wetlands.
68
In order to develop a methodology for salinity impacts, we selected a coastal wetland in Spain called 69 "Albufera de Adra" as an exploratory case study in order to learn (since water-related impacts are quite 70 complex) how to include the impacts from salinity increases due to water consumption. It is located in 71 a semi-arid region in Almería (South-East of Spain), where agricultural activities require substantial 72 irrigation and areas with native vegetation and fauna are restricted to small patches and wetlands. 16 
73
The aims of this study were (a) to develop a characterization factor (CF) in terms of potentially 74 affected fraction of species (PAF) 17 for salinity impacts based on a new effect factor and a locally 75 specific new fate factor, and (b) to apply it to a local case study and compare the impact of salinity 76 with commonly used ecosystem quality impact categories.
77
Materials and Methods
78
Description of the wetland Albufera de Adra
The case study area is located in a semi-arid and mountainous area of South-Eastern Spain, in the 
100
The main economic activity in that area is protected horticulture. and 20% surface water. For more details and explanations of the other constant parameters see Table   140 1.
141
Equation 2 is calculated for three time spans, 1983-2003, 2003-2008 and 1983-2008 close to zero) in that solver.
183
A sensitivity analysis was carried out by changing different constant parameters, such as salinities fewer data in the calculation of the EF.
203
The 50% effective concentration (EC50) due to salinity is the concentration where a 50% reduction in 204 a given endpoint (e.g. growth) is observed compared to the control. EC50s were either calculated by 205 fitting the log-logistic function to the salinity concentration-response plots (see figure S1 ), or were 206 taken directly from literature. 
215
The SSD for salinity was constructed by fitting the log-normal cumulative distribution function to the
216
EC50s for native species (see Table S1 ). Equation 9 describes the effect factor (EF Sal ), which is the 217 average change in the potentially affected fraction of freshwater aquatic species (∆PAF Sal ) due to the 218 change in salinity (∆Sal). The effect factor is calculated as the average gradient at the 50% hazardous 219 concentration (HC50 Sal ), defined as the concentration at which 50% or more of the species included in 220 the SSD are exposed to concentrations above their EC50 53 .
221
Equation 9 222 A 95% confidence interval for the hazardous concentration was estimated by parametric bootstrapping 223 and this uncertainty was propagated to the Effect Factor by taking Equation 9 into account. which we did not take into account (Table 2) . Comparing the three years (1983, 2003, 2008) , the ratio between outflow and inflow from and to the 
251
265
Results for the sensitivity analysis are shown in the SI M. cephalus(EC50 = 25.1 g·l -1 ), is the least sensitive of all the native species included in this study.
293
The EC50 of the algae included in the SSD, D. chlorelloides is 19.9 g·l -1 and is above HC50 sal but the 294 crustacean, D.magna is located below HC50 sal with an EC50of 6.6 g·l -1 . Plants, the most abundant 295 taxonomic group are distributed throughout the SSD, with 5 species lying below HC50 sal and 8 species 296 lying above it.
297
Data availability permitted the consideration of 18 species from Nueva Lagoon (13 plants, 3 fish, 1 298 algae and 1 crustacean) in this work. So, given a total of 30 species reported to be found in the 299 wetland 57 , with these 18 species we cover 60% of the species in the wetland. The calculated EF could, 300 with some caution, be applied to other wetlands, assuming their native species composition is not 301 entirely dissimilar to the one encountered in Nueva Lagoon.
302
For instance, Punta Entinas is an endorheic wetland, located in the arid southeast of Spain very close to The impact score is calculated as a product of the characterization factor (CF) developed for Nueva Equation 10 323 For the cultivated area considered, tomato is the crop that shows the highest impact score, with 330 approximately 30% of the overall impact, because tomato is the most produced crop in the province,
331
whereas green bean shows the smallest impact with around 2% due to a relatively small cultivated 332 area. However, when we consider the total impact score per tonne of production, we obtain different 333 results due to different crop yields. The low yield of melon leads to the highest impact per tonne, while 334 cucumber with a higher yield leads to the lowest impact score per tonne for the crops studied. that this is a fully applicable approach for the whole world and it proved to be very relevant indeed.
339
The impacts on wetland biodiversity due to the irrigation of the existing crops close to the study area,
340
were calculated using the proposed CF.
341
A comparison between the salinity impacts of the main crops tomato, cucumber, zucchini, melon and 342 aubergine with other impact categories was carried out in order to investigate the relative importance 343 of salinity impacts. For this comparison we used the endpoints of several categories within the area of 344 protection "ecosystem quality" of the ReCiPe methodology 54 . Experimental data for these crops were 345 adapted from Stoessel et al. 60 taking into account a local yield ( The results for all crops show that, if the generic freshwater species density from ReCiPe is used
354
( 
